Pharyngeal carriage of meningococci is increased in patients attending sexually transmitted disease clinics. ' Carriage is particularly prevalent in male homosexuals, in whom the rate may be as high as 41%.2 Two explanations have been suggested: promiscuity within a relatively closed community encouraging spread of neisseria or undue susceptibility to neisseria in some patients.
We have put forward a third possibility: that some strains of Neisseria gonorrhoeae may have been transformed to utilise maltose by DNA from normal throat flora and have therefore been misidentified as meningococci. 3 Evidence was presented that the maltase gene could be transformed into gonococci in vitro from other neissena. The meningococci isolated from the throats of male homosexuals also differed from systemic meningococci in their aminopeptidase profiles. They were a more heterogenous group than the systemic isolates and included some meningococci which, though they utilised maltose, gave typical gonococcal aminopeptidase profiles. This again posed the question whether some meningococci differentiated from gonococci by carbohydrate utilisation alone could, in fact, be gonococci. At this time more than 99% of gonococci were known to carry the 2-6 megadalton cryptic plasmids. Other plasmids, the 24-5 megadalton conjugal plasmid and the 4-4 and 3-2 megadalton 8 lactamase plasmids, are present only in some strains. In contrast, no meningococci were thought to carry plasmids.4 Four recent reports of single plasmid isolation are discussed later.
Accepted for publication 28 June 1984 In view of the potential for gene transfer between species, the aim of this work was to screen meningococci from various sources for the presence of the 2-6 megadalton plasmid, to test the hypothesis that some could be misidentified gonococci, and to examine any plasmid carrying strains for their auxotype and aminopeptidase profiles to establish their relation to gonococci.
Material and methods

STRAINS OF NEISSERIA
Twenty four strains of N meningitidis originating from the blood or cerebrospinal fluid of patients with meningitis were obtained from Dr AG Taylor, Central Public Health Laboratory, Colindale.
One hundred and sixty one strains of N meningitidis were isolated from the throats of male homosexuals attending the sexually transmitted diseases clinic. These strains were classified by their aminopeptidase profiles estimated qualitatively (Table 1) . This does not represent the true prevalence of the different groups because selection by aminopeptidase profile or plasmid content was performed at various times.
Seven strains that split ortho-nitrophenyl galactoside to ortho-nitrophenyl were identified as N lactamica.
Eleven strains of N meningitidis were isolated from anogenital sites in patients attending the clinic.
Twenty three transformants that were originally gonococci and had gained either the ability to utilise maltose or glutamyl aminopeptidase activity were screened. 1123 Table 2 shows the number of plasmid carrying strains of neisseria found in each group. Of the 161 throat meningococcal strains nine carried plasmids. The plasmids found in throat strains of N meningitidis and N lactamica were of molecular weight 1-6, 2-8, and > 40 megadaltons. The two low molecular weight plasmids were sometimes present in combination. One of the 11 anogenital isolates carried a plasmid of 2-6 megadaltons, and all gonococci that had been transformed to utilise maltose or gain glutamyl aminopeptidase had retained the 2-6 megadalton cryptic plasmid.
Examples of the plasmids found are compared with the 2-6 megadalton cryptic gonococcal plasmid in Fig. 1 The aminopeptidase profile and plasmid content of all plasmid carrying strains are shown in Table 3 . Five of the nine throat meningococci had high levels of glutamyl aminopeptidase and low levels of hydroxyproline aminopeptidase, which approached those typical of systemic strains. The remaining four had increased levels of hydroxyproline aminopeptidase with low levels of glutamyl aminopeptidase, more like N gonorrhoeae. Nevertheless, the plasmid bearing throat meningococci seemed to be an intermediate group with a continuous range of aminopeptidase values. Their mean glutamyl and hydroxyproline aminopeptidase levels differed significantly from the means found in the remaining throat meningococci, in systemic meningococci, and in gonococci (Table 4) . Increasing glutamyl aminopeptidase levels were correlated significantly with decreasing levels of hydroxyproline aminopeptidase (p < 0.01) (Spearman rank correlation coefficient).
All systemic and throat meningococci, including those with plasmids, were prototrophic and did not require cystine for growth. The urethral meningococcal isolate required cystine, proline, and arginine for growth. Its aminopeptidase profile was more like that of Ngonorrhoeae than Nmeningitidis.
N lactamica strain 160 required cystine. Both strains of Nlactamica had aminopeptidase profiles similar to gonococci but also to other strains of N lactamica (unpublished observation). The aminopeptidase levels fell within the range of the plasmid bearing throat meningococci.
SEROLOGY
Of the nine plasmid bearing throat meningococci, two appeared to be group B, one reacted weakly as group X, and the rest were ungroupable.
ACTION OF RESTRICTION ENZYMES
The method of restriction endonuclease analysis was set up using the 2-6 megadalton gonococcal plasmid; patterns were obtained for the enzymes used as described by Davies and Normark.8 When the new plasmids were tested with the enzyme Hinf 1, the 2-6 and 2*8 megadalton plasmids of strains 715 and 842 respectively gave products similar to those of the gonococcal 2*6 megadalton plasmid. The other strains differed (Fig. 2) . Moreover, with the enzyme Hpa II, the products of the 715 and 842 plasmid strains were quite different from the gonococcal plasmid. Msp I and Ava II did not split any of the low molecular weight plasmids. No attempt was made to split the > 40 megadalton plasmids. 
.
evidence was also consistent with the hypothesis that a small number of throat meningococci could originally have been oral gonococci transformed by DNA from normal mouth flora. This could lead to gonococci bearing maltase or glutamyl aminopeptidase activity, or both, and therefore to misidentification.
The presence in meningococci of a 2-6 megadalton plasmid similar to the gonococcal plasmid would have enhanced this view. However, although plasmids have been found in our throat meningococci, their relation to the gonococcal plasmid is still unclear. One possible explanation is that meningococcal strains with plasmids may have been gonococci but in accepting chromosomal DNA by transformation the 2-6 megadalton plasmid has been modified. This is unlikely because in experimental maltose positive transformants the 2-6 megadalton plasmid was retained. Alternatively, the hypothesis may be incorrect and the throat strains may be meningococci that have gained both chromosomal and plasmid DNA from other bacteria-for example, Haemophilus spp. It is also possible that technical problems are causing our inability to split these plasmids with endonucleases, and hybridisation studies will be required to resolve the relation.
The high molecular weight plasmids, > 40 megadaltons, have been difficult to maintain and should perhaps be considered "possible" plasmids.
In recent years there have been several reports of plasmids in meningococci. The first description in a meningococcus was of a 3-4 megadalton cryptic plasmid in a strain whose source is given as "a clinical isolate".9 A 4-8 megadalton cryptic plasmid was detected in several serogroups of N meningitidis by Verschueren et al. ' °The diagnostic criteria used and the numbers and sources of the strains were not given. More recently Dekegel and Dekegel," using gel electrophoresis and electron microscopy, detected plasmids in most of some 40 strains of meningococci. Few details of their source were given, though both cases and carriers were involved. These findings are in striking contrast to the rarity of meningococcal plasmids generally reported in the published work. No explanation for the difference is so far available. Dillon et al'2 found a strain of N meningitidis bearing a 4-5 megadalton f8 lactamase producing plasmid and a 24-5.megadalton transfer plasmid apparently identical to those found in gonococci. The source of the strain was uncertain, but was probably the genitourinary tract. Careful testing, including enzyme profiles, indicated a typical meningococcus.
While the finding of a penicillinase producing strain of meningococcus is a grim, if expected, warning of future therapeutic difficulties, the present work, together with the several recent descriptions of meningococcal plasmids, suggests that their scarcity is the result of limited past opportunities for spread. If so, it is not surprising that throat and, still more, genitourinary strains are the first apparent recipients. A similar occurrence has been found in genital isolates of Haemophilus influenzae, which may carry a plasmid not usually seen at other sites. '2 The use of the ortho-nitrophenyl galactoside test showed the ability to utilise lactose weakly in a few strains of meningococci. This, together with the presence of plasmids in 2/7 strains of N lactamica in our study and previous reports in this species,4 also poses questions about their origin and the possibility that they may have been either gonococci or meningococci that have gained the ability to utilise lactose.
Alternatively, some of the plasmid bearing throat meningococci may be derived from strains of N lactamica which can no longer utilise lactose. More strains of all kinds need to be examined methodically. The sharp divisions produced by the simplified methods of routine diagnosis hide many nuances. The present work highlights the complexity of gene transfer within a genus and the effects it may have on identification of species and roles in infection. The possibility that acquisition of some plasmids reduces the invasiveness of N meningitidis needs to be looked at.
